The nuclear ribosomal DNA internal transcribed spacers (ITS1 and ITS2) 
INTRODUCTION
Many problems previously found were related to cladistics, such as the difficulties to survey the morphological homologous characters, as many of them were intractable and not able to be compared among all living organisms, therefore, they could only be transposed with the advent of molecular analyses. On the other hand, the considerable facility to obtain molecular data, as well as the growing knowledge of molecular biology as consequence of improvement in techniques has afforded much information for systematics. With the discovery of polymerase chain reaction (PCR), the DNA sequencing became a alternative low cost and easy way in order to approach the phylogeny relations of living organisms of all taxonomical degrees (Baldwin et al., 1995) , allowing the survey of homologous characters with more precision than provided by previous molecular techniques, such as the restriction maps. For this purpose, the ribosomal DNA has been demonstrated to be an important tool to provide a better comprehension of the living organisms' history (Hillis and Dixon, 1991) . Ribosomal DNA has been widely employed for estimating the phylogenies of various organisms. The ITS region of rDNA (ribosomal DNA) is constituted by highly variable regions, which can be used for studies of taxonomical groups with recent diversification or even among the populations. On the other hand, the ribosomal DNA possesses highly conserved regions, which can be applied for organisms comparing with ancient diversification. The same conserved regions can be very useful for designing so called "universal primers" (White et al., 1990; Hillis and Dixon, 1991) , in order to amplify the alternate variable regions. Thousands of tandemly repeated copies of transcribed units and non-transcribed spacers (Long and Dawid, 1980; Hillis and Dixon, 1991) typically constitute the nuclear ribosomal DNA (nrDNA) of a eukaryote nuclear genome. The great amount of copies usually facilitates the amplification of nrDNA. Nevertheless, one must regard the possibility of amplifying paralogous copies, and non-ortologous ones, of different taxa, providing erroneous phylogenetic inferences as a result of comparisons among non-homologous sequences. Another point is the possible existence of highly divergent paralogous copies (Dvorák, 1990; Suh et al., 1993; Dubcovsky and Dvorák, 1995; Buckler and Holtsford, 1996; Buckler et al., 1997) , some of them possibly pseudogenes (Buckler et al., 1997) . Thereby, special attention should be devoted to the PCR reactions in attempt to select the copies to be amplified. The increasing sensibility of PCR reactions that allowed promoting amplifications from very small quantities of template DNA has been a point of extreme importance to the molecular studies, enabling phylogeny studies from tiny amounts of tissue or even from isolated cells . However, when contaminant sequences are present in target DNA, the increasing sensibility of the PCR can be a problem and has been the reason of preoccupation in many studies (Sarkar and Sommer, 1990; Bobola et al., 1992; Klein, 1994, 1996; Liston and Alvarez-Buylla, 1995; Liston et al., 1996; Zhang et al., 1997; Chiang et al., 2001) . The carnivorous and cosmopolitan family Droseraceae comprises about 150 species, most of them grouped in the genus Drosera (Diels, 1906) . In attempts to achieve a better comprehension of phylogenetic relations of Droseraceae family, studies have been developed with the survey of morphological characters as well as sequencing of ITS region from nuclear ribosomal DNA (V. F. O. Miranda, A. Furlan, M. Bacci Jr. and V. G. Martins, unpublished data). Rivadavia et al. (2003) investigated the phylogenetic relations of Droseraceae using the analysis of rbcL sequences from chloroplast DNA. Although the analysis demonstrated very suitable phylogenetic relations among species from different continents, rbcL sequences provided unclear information about American and African species of Drosera species, which was understandable for the substitution rate for this gene (Wolfe et al., 1987) . Regarding the lack of information and the little comprehension about American and African species of Drosera, ITS region was chosen since internal transcribed spacers (ITS1 and ITS2) could bring enough divergences to the phylogeny inferences (Hillis and Dixon, 1991; Baldwin et al., 1995) , as studies have demonstrated (V. F. O. Miranda et al., unpublished data) . Initially, the amplifications of ITS regions of 15 Drosera species were carried out in order to sequenciate the amplicons directly. As the results showed high polymorphism to almost all samples, the improvement of PCR was intended, optimizing the amplification protocols (for example increasing the annealing temperature), as well as adding adjuvants reagents to the reactions, as dimethyl sulfoxide (DMSO) and bovine serum albumin (BSA) . Surprisingly, two sequences obtained before the PCR optimization were from fungi, probably present in the plant tissue used for DNA extractions. This work had as its goal to identify the two "strange sequences" amplified as well as to demonstrate an alternative and successful way to optimize the ITS amplifications from nuclear ribosomal DNA.
MATERIALS AND METHODS

Plant tissues and sequences
The studied Drosera species (Droseraceae) with their voucher numbers, as well as the GenBank accession numbers of each analyzed sequence (from plant and fungi) are listed in Table 1 . The vouchers were deposited in Herbarium Mogiense (HUMC; Mogi das Cruzes, São Paulo State, Brazil). 
DNA extraction
For the DNA extraction, 100 mg of fresh leaves or 25-30 mg of dried tissue were utilized and plant tissues were not treated previously. The plant material was submitted to liquid nitrogen and macerated. DNAzol (Chomczynski et al., 1997 (Chomczynski et al., , 1998 was employed for the extraction, following the protocol recommended by the manufacturers.
DNA amplification
Primers utilized to the amplifications were the ITS "universal" primers designed by White et al. (1990) and the ITS3B (B. G. Baldwin, unpublished data) and ITS.LEU (L. E. Urbatsch, unpublished data). The primers ITS5 (5'-GGA AGT AAA AGT CGT AAC AAG G-3') and ITS4 (5'-TCC TTC CGC TTA TTG ATA TGC-3') were employed for amplifications of the ITS region (~750 base pairs) and with the use of the internal primers ITS3 (5'-GCA TCG ATG AAG AAC GCA GC-3') and ITS2 (5'-GCT GCG TTC TTC ATC GAT GC-3') the internal spacers were amplified (~300 bp each one). Two other primers modified for plants were utilized as well, ITS.LEU (5'-GTC CAC TGA ACC TTA TCA TTT AG-3') and ITS3.B (5'-GCA TCG ATG AAG AAC GTA GC-3'), the last one annealing to the corresponding region of ITS3 primer.
Conventional reactions
The first reactions were carried out using ReadyTo-Go (GE HeathCare), which contained Taq DNA polymerase, nucleotides, MgCl 2 , buffer solution and stabilizers. Each sample of Ready-toGo provided a 25 µL reaction, whereas each reaction contained 1.5 units of Taq DNA polymerase, buffer, 1.5 mM MgCl 2 , 800 µM (200 µM of each dNTP) and stabilizers.
Optimized reactions
Other PCRs were accomplished using the same reagents. However, for these samples, dimethyl sulfoxide (DMSO) and bovine serum albumin (BSA) were added. Several DMSO and BSA concentrations (1-10%) were used in order to optimize the ITS amplifications. Other reactions with 50 µL and 100 µL were carried out as well. o C for extension time were used. For ITS2 amplification, the same protocol was carried out, however, the annealing temperature was increased to 55 o C. The PCR products were quantified through electrophoresis (agarose gel 1%) using Low Mass DNA Ladder (Life Technologies).
PCR products purification
The amplified samples from PCR were purified using GFX PCR DNA and Gel Band Purification Kit (GE HeathCare) and PCR Concerted Purification Kit (Life Technologies). Some of the purifications were proceeded directly from PCR solutions, when just a single band could be noted in electrophoresis. On the other hand, amplification reactions with multiple bands were visualized in 1.5% agarose gel with ethidium bromide and excised separately. In this case, long runs were carried out in electrophoresis (40-55 min), in order to separate the bands, adjusting then to a low voltage and amperage (80V, 40mA).
DNA sequencing
Sequencing reactions were obtained in PTC-100 thermocycler (MJ Research). Each 10-µL sequencing reaction was constituted of 2.5 µL ABI Big Dye Terminator Cycle Sequencing Kit (Applied Biosystems) and 2.5 pmols of each primer. Both strands (forward and reverse) of each sequence were read in automated DNA sequencer ABI 377 (Applied Biosystems). All sequences obtained were checked in GenBank using BLASTN program (Altschul et al., 1997) in order to achieve the sequences with highest identity. Despite ITS spacers being so much variable hindering the search of related sequences, the 18S, 5.8S and 26S sequences of nrDNA allow to obtain sequences with high identity through GenBank since they demonstrate to be very conserved in all living organisms.
Sequence alignment and phylogenetic analysis
Homologous sequences were aligned with the program ClustalW 1.4 (Thompson et al., 1994) and data sets were checked using BioEdit 5.0.9 (Hall, 1999) . The alignment was achieved through gap initiation penalty 10 and gap extension penalty 0.05. Each sequence achieved was checked with its complementary strand. Maximum parsimony and bootstrap (Swofford et al., 1996) analyses were performed using PAUP* 4b8 (Swofford, 1999) . Heuristic searches (Swofford et al., 1996) were carried out through random addition sequence with 5000 replicates to obtain the most parsimonious trees; 100 bootstrap (Felsenstein, 1985) replicates using random addition sequence with 100 replicates were performed for bootstrap analyses (TBR branchswapping algorithm). For decay indices (or Bremer support; Bremer, 1988) , TreeRot program was employed (Sorenson, 1996) . Gaps were treated as fifth base considering they have phylogenetic information (Giribet and Wheeler, 1999) , weight 3 was ascribed to transversions and 2 to transitions. The cladograms were drawn using the program TreeView (Page, 1998) .
RESULTS
The amplification reactions were performed until a single band could be noted in agarose gel by electrophoresis or at least when a conspicuous band could be noted representing a sequence between 300-400 base pairs. However, even after the purification of a single band from agarose gel, the sequencing results demonstrated high polymorphism. Each band obtained from electrophoresis (at a more concentrated gel -1.5% agarose) was constituted of several molecules very close in length. In some samples, up to six distinct classes of amplicons could be noticed, evidenced by electropherogram (data not shown). Thus, one must emphasize that even when different amplicons present very close lengths, or even have identical lengths, avoiding the distinction in agarose gel electrophoresis, this result does not mean the band consists of copies of the same sequence, perhaps being different sequences phylogenetically distinct (Sekiguchi, 2001) . As an initial attempt to reach a higher specificity for PCR reactions, the annealing temperature was gradually increased, as well as other points of amplification protocol were changed (e.g. annealing time, extension time and temperature), therefore a mix of different amplicons was noted in amplification reactions. Thus, taking into account that the PCR reactions usually resulted unspecific products, the increase of stringency was performed to the reactions through the addition of adjuvants. Various authors recommend the use of adjuvants to improve amplification efficiency (Innis and Gelfand, 1990; Palumbi, 1996; Henegariu et al., 1997) , such as dimethyl sulfoxide (DMSO) and the bovine serum albumin (BSA). These substances improve the efficiency of the reactions, increasing the amount of product, as well as the specificity, avoiding the amplification of unspecific products. Palumbi (1996) suggested the use of both DMSO and BSA together in reactions, therefore these substances should be used up to 1% of concentration (v/v), otherwise PCR reaction could be hindered due to the enzymatic activity inhibition of Taq DNA polymerase (Innis and Gelfand, 1990; Palumbi, 1996) . Nevertheless, some authors (Henegariu et al., 1997; Baum et al., 1998) have employed DMSO at 10% (v/v) in the amplification reactions. This way, several concentrations of DMSO and BSA were tested for the amplifications of the internal spacers ITS1 and ITS2, using both adjuvants either in the same reactions or even just one. As a result, the best amplifications were obtained adding 5% of DMSO and 10% of BSA for the amplification of the spacer ITS1 and 10% of DMSO for the spacer ITS2 (v/v), as demonstrated in Fig. 1 . It became evident that the DMSO and BSA addition inhibited the yield of reactions (Fig. 1) . On the other hand, PCR reactions with adjuvants ( Fig.1, A1 -A3 and B1-B4) only resulted amplicons from nrDNA (Fig. 2) . As a result of sequencing of the samples that were not added DMSO and BSA, most of them resulted in non-reliable sequences, caused by the mix of different molecules. Nevertheless, surprisingly, when two of the few legible sequences were checked using BLASTN program, it was noticed that they were from nrDNA of basidiomycetous fungi (Fig. 3) . Considering they were partial sequences of the internal transcribed spacers (ITS1 and ITS2), it was not possible to obtain a reliable alignment with the homologous sequences of Drosera. If at least a partial sequence of the conserved regions of nrDNA had been sequencied (18S, 5.8S or 26S), the sequences could reliably be aligned, as demonstrated by the alignment of 5.8S sequences in Fig. 2 . The high divergent sequences of internal transcribed spacers obtained from fungi could not be aligned even with sequences of other groups of fungi other than Basidiomycota (Ascomycota, Zygomycota).
On the other hand, the "strange sequences" could be compared with more closely related basidiomycetous fungi (obtained from GenBank), achieving very reliable alignments (Fig. 3) . Even regarding the small length of the sequences obtained (around 300 bp), which could disable robust phylogenetic estimates, it was possible, at least approximately, to provide an approach to identify their taxonomical position and relation to other groups (Fig. 4) . Phylogenetic analyses demonstrated and confirmed the placement of both sequences in Basidiomycota. With the two "strange sequences" was not possible to produce reliable alignments using data sets of Zygomycota and Ascomycota sequences, as a consequence of too much polymorphisms. On the other hand, when both sequences were added to Basidiomycota sequences data sets consistent alignments were produced (Fig. 3) . Parsimony phylogenetic analyses confirmed that both "strange sequences" were from fungi, possibly strange A, arisen from leaves of Drosera capillaris, from Thanatephorus cucumeris (bootstrap=74%; decay index=6) and strange B from Pseudozyma sp. (bootstrap=100%; decay index=61; Fig.4 ).
Figure 4 -Phylogenetic analysis of the partial ITS sequences resulted from PCR of Drosera samples ("strange sequences") and from GenBank. The analyses confirm that both "strange sequences"are from Basidiomycota. Analyses demonstrate the "strange sequences"probably are from distinct basidiomycetous taxonomic groups. Both cladograms are semistrict consensus trees of the two most parsimonious trees (the first one from two trees with 1286 steps, RI= 0.79, CI=0.61 and the second one 2681 steps, RI= 0.78, CI=0.52). Numbers above branches indicate bootstrap values over 50% (100 bootstrap replicates with random addition sequence with 100 replicates) and numbers below branches denote decay indices. Juniper et al. (1989) suggested the presence of unknown mycelium-forming fungi, apparently in a symbiotic condition, in the absorption zone inside the pitchers of the carnivorous plant Sarracenia (Sarraceniaceae). Pant and Bhatnagar (1977) pointed out the presence of microthyriaceous fungi in Nepenthes khasiana, as well as other nonidentified fungi in some Nepenthes species, a carnivorous genus of Nepenthaceae. However, the implication of the presence of fungi is not yet fully understood (Juniper et al., 1989) . Maybe the fungal presence is related to insectivorous behavior. In the carnivorous plants Nepenthes and Sarracenia, on the leaves' surface of Drosera species (Droseraceae), remains of arthropods in digestion process or even pieces of non-digested insects can be found. Thus, the presence of fungi in a so-rich nutrient area is justified. In addition, according to Zhang et al. (1997) , the close associations between the plants and fungi are well known. According to some estimates referred by the same authors, about 80% of vascular plants host fungi, besides co-evolution between the plants and fungi has been suggested (Alexopoulos et al., 1996) . Many species called "endophytic" fungi live within plant tissues without causing apparent injury to the host plant, growing as symptomless parasitic fungi (Peixoto Neto et al., 2004; Maheshwari, 2006) . The non-specific amplifications may have serious implications for the phylogenetic approaches. One must recognize the crucial importance of knowing what sequences had been sequencied, as if the amplicons resulted from PCR reactions were from DNA of studied organism. Some authors suggest the use of clones to ITS region (Hillis and Dixon, 1991) , thus the cloned molecules can easily be sequencied. However, the use of clones may disguise the high polymorphism. The mix resulted from non-specific amplifications, sometimes consisting of molecules from organisms other than the studied ones (as reported in this study), could bring aberrant molecules as result (from endosimbionts, parasites or even from contamination), which could give unreal phylogenetic approaches. Thereby, perhaps the improvement of PCR protocols, despite being a meticulous and laborious task, could afford better and more reliable results. The universal primers for ITS region (White et al., 1990) were mainly designed as from comparisons among sequences of fungi. Thus, their high specificity to these organisms is understandable, which may be even employed in clinical analysis for fungi detection (e.g. Ferrer et al., 2001) . In attempt to avoid this problem, many authors have proposed the designing of new primers with specificity to angiosperms. These primers are very similar to the ones designed by White et al. (1990) , differing from them only in some bases in order to afford a higher specificity to the plant sequences. The primers ITS.LEU and ITS3B, specially designed for plants, were used in this study, as an attempt to amplify ITS sequences from Drosera, however, with unsatisfactory results. Even these primers, developed for angiosperm sequences, resulted in non-specific amplifications. Nonetheless, the employment of angiosperm specific designed primers could be a very important way to improve the amplifications. The designing of other specific primers, developed from the comparisons of sequences of related taxonomical groups, could be a decisive way to the PCR improvement. Another alternative way to avoid amplifications of fungi sequences could be the sterilization of the tissue before DNA extraction, as demonstrated by some studies (e.g. Zhang et al., 1997; Guo et al., 2001) . Cleaning the surface of the host tissue thoroughly (with ethanol, detergents and reducing agents), could be a simple but important manner to eliminate the phylloplane fungi and other organisms on the host surface (Guo et al., 2001 ). Nevertheless, endophytic fungi (Alexopoulos et al., 1996) could not be eliminated through this method. Thus, the protocol optimization could be a very useful manner for PCR improvement, as demonstrated here. In this respect, the increasing of stringency of PCR reactions has proved to be a very important tool to improve the amplifications. Even the use of specific primers, or even the employment of target DNA free of contamination, does not assure specific reactions. Thus, the increasing of stringency is always a favorable way to optimize the amplifications. The use of DMSO and BSA, for this purpose, can be very useful for PCR improvement, as demonstrated in this study.
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RESUMO
Os espaçadores internos transcritos do DNA nuclear ribossomal (ITS1 e ITS2) de folhas de Drosera (Droseraceae) foram amplificados com o emprego de iniciadores "universais". A análise demonstrou que a maior parte das amostras continha uma mistura resultante de amplificações não-específicas. Dentre as sequências de DNA obtidas, duas delas foram de fungos basidiomicetos. Sequências homólogas foram obtidas do GenBank e analisadas junto às sequências obtidas de folhas de Drosera. Através das análises filogenéticas de máxima parcimônia foi possível identificar uma seqüência como sendo de um Ustilaginomycetes e outra de Heterobasidiomycetes (Basidiomycota). Possivelmente esses organismos estavam associados às folhas de Drosera e assim não sejam resultantes de contaminação. Com o objetivo de otimizar e buscar uma melhor especificidade das reações de PCR, um protocolo bem sucedido foi demonstrado com o uso de dimetilsulfóxido (DMSO) e soroalbumina bovina (BSA).
